Abstract The cherry was treated with ultrasonic waves (33 kHz, 60 W) at different time intervals (10, 20, 30, 40, 60 min) and study was carried out to analyze the change in physico-chemical properties (TSS, pH, color, acidity and firmness), antioxidant potential and microbial load of the fruit during the storage period of 15 days at 4°C. It was observed that ultrasound treatment (US) between 30 and 40 min showed better retention of color of the fruit during the storage period. The antioxidant assays (DPPH, ABTS and TPC) also increased significantly (P B 0.05) up to 40 min, however the firmness of the fruit was affected and it showed a significant decrease beyond 20 min of US treatment. The sample with 40 min US treatment showed significantly less microbial load than other samples. The 20-40 min US treatment time (33 kHz, 60 W) was suggested for preservation of cherry during the storage at 4°C.
Introduction
Fruits are considered important components of a healthy diet, because of the presence of phenolic compounds, fiber, anthocyanins and flavonols (Mulabagal et al. 2010; Odriozola-Serrano et al. 2008) . They possess anti-oxidant properties and contribute in various life processes through their interaction with bio-molecules like enzyme regulators and consequently maintaining good human health (Lee et al. 2007 ). However, the shelf life of the fruits is very limited and maintaining its quality during storage is a challenging task. Shelf life of fruits can be extended by canning, storage at lower temperature and use of various chemicals such as antimicrobials and fungicides. However the high cost, food safety concerns and environmental considerations limit their use (Lopez-Gomez et al. 2009 ).
To overcome these problems, many emerging food preservation techniques (high pressure, Pulsed electric field, electrolyzed water, irradiation, ozone and Ultra sound treatment) have been widely studied and have offered promising results in food processing and preservation (Sampedro et al. 2010; Arzeni et al. 2012; Wang et al. 2015; Oancea et al. 2013; Ercan and Soysal 2013) . Among these non thermal technologies, ultrasound is one of the most important green technologies used in food science for preservation (Chemat et al. 2011; Awad et al. 2012) . A major advantage of ultrasound over other techniques in food industry is that sound waves are generally considered to be safe, non-toxic and cost effective at commercial level (Kentish and Ashok Kumar 2011) . Use of ultrasound as a non thermal technology has also gained considerable importance because of its improvement in microbial safety and consequently the shelf life of the fruit.
Among various fruits, sweet cherry (Prunus avium) is one of the most perishable fruit with high market value. Attractive colour, sweetness, sourness, firmness, antioxidants and nutrients are its main characteristics (Ballistreri et al. 2013) . Its narrow harvest season, soft texture, susceptibility to fungal rots, high transpiration rate and vulnerability to physiological disorders such as bruising, sugar-acid balance, fruit softening, desiccation and the browning or discoloration of the green stem limits its availability to the consumer in an optimum condition, over longer periods (Alique et al. 2005 ). The present study focuses on extending the shelf life and maintaining the quality and nutritional parameters of the sweet cherry by employing ultrasound treatment at different time intervals ((0, 10, 20, 30, 40 and 60 min) ).
Materials and methods

Fruit and treatment
Cherries were harvested from local farms of Jammu & Kashmir, India and transported within an hour to our lab. The damaged fruits were sorted out and samples were randomly divided according to different treatments. Five hundred gram of fruit for each batch was directly immersed in a sonicator bath (Frequency 33 KHZ, Power 60 W, Jain scientific, India) and the treatment time (0, 10, 20, 30, 40 and 60 min) was varied for each batch. The level of water in the bath was kept constant for each experiment and the temperature of the water was maintained at 25 ± 1°C. All fruits were then air-dried for approximately 20 min and then stored at 4°C and were analyzed at an interval of 3-days for a period of 15 days from Day 1. On each experimental day, approximately 100 g of fruit was pulped, homogenized and centrifuged for 10 min at 5000 rpm and supernatant was collected and analyzed on the same day.
Total soluble solids (TSS), Total titratable acidity (TA) and pH Total soluble solids (TSS) were determined at room temperature using a portable refractometer (Atago, Japan). Titratable acidity (TA) was determined by titrating 20 ml cherry pulp (supernatant) to pH 8.2 using 0.1 M NaOH and was calculated as reported by Gunness et al. (2009) . The pH was measured using pH meter (HI 2215pH/ORP meter; Hanna Instruments Woonsocket RI USA).
Color analysis
Color of the Cherry fruit was determined using hunter lab colorimeter (D-25, Hunter Associates Laboratory, Ruston, USA) after being standardized using Hunter Lab color standards and their Hunter L (lightness), a (redness to greenness) and b (yellowness to blueness) values were measured. Total color difference (TCD) was considered for evaluation of colour changes. This parameter quantifies the overall colour difference of a given sample when compared to a reference one (L 0 , a 0 , b 0 ), according to the expression reported by (Alexandre, Brandão and Silva 2012 )
This parameter quantifies the overall color difference of a given sample when compared to a reference being the index ''0'' indicative of reference untreated samples (without ultrasound). Thirty samples were carried out for each treatment and storage time.
Antioxidant activity
On each experimental day, approximately 100 g of fruit was pulped and homogenized, the 2.5 g of sample for antioxidant analysis was taken from this pulp and homogenized with 2.5 ml of 95 % (V/V) cold ethanol and centrifuged at 10,000 rpm for 15 min, further 2.5 ml of 80 % (V/V) cold ethanol was used to extract the residue again. The supernatants were combined and the final volume was made to 10 ml. The ethanol extract was used for antioxidants analysis by DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS (2, 20-azino-bis-3-thylbenz thiazoline-6-sulphonic acid) and total phenols.
Total phenolic content was measured using Folin-Ciocalteu's method described by Tezcan et al. (2009) . The final results were expressed as milligram of gallic acid equivalents (mg of GAE/g of cherry fresh weight).
DPPH free radical scavenging activity was measured according to the method reported by Ahmad et al. (2015) with modifications. Briefly, 2.0 ml of 0.2 mM ethanolic DPPH solution was added in 2.0 ml pulp. This mixture was placed in dark at room temperature for 30 min. The absorbance was determined with spectrophotometer at 517 nm. The same procedure was revised for control by using ethanol instead of sample solution. Following equation was used to calculate the percent DPPH free radical scavenging activity: DPPH free radical scavenging activity % ð Þ:
where A c is the absorbance of the control and A s is the absorbance of the sample. ABTS radical-scavenging assay was determined according to the method of Wang et al. (2010) with slight meodification. All tests were performed in triplicates and means were calculated. The radical-scavenging activity of the samples was expressed as scavenging capacity (SC) % = [(A control -A test )/A control ] 9 100 %, where A control is the absorbance of the control (ABTSÁ ? solution without test sample) and A test is the absorbance of the test sample (ABTSÁ ? solution plus extract).
Firmness
The firmness of ultrasound treated cherries (0, 10, 20, 30, 40 , 60 min) was measured using a Texture Analyzer (TA.XT PLUS; Stable Micro Systems Ltd., UK) fitted with a cylinder plunger SMS-P/10 CYL Delrin probe (10 mm diameter). The probe was programmed to travel 5 mm distance after touching the surface of the fruit. The whole samples were placed on heavy duty platform under the probe along the transversal axis. Tests were performed in a compression mode (1.5 mm/s velocity). Firmness was recorded as a maximum force observed during penetration of sample. Test was done in replicates of 20 and the average peak force is recorded as the firmness.
Microbiological analysis
The microbial population of the fruit juice sample was determined by the FDA's standard method, mentioned in Bacteriological Analytical Manual (FDA 2001) . All the analysis was carried out in triplicates.
Results and discussions Total soluble solids (TSS), pH and Total titratable acidity (TA)
Ultrasound treatment for different duration significantly affected TSS content of the fruit during the storage period of 15 days (Table 1 ). The US treatment may have interfered with the fruit metabolism, which may have decreased the decomposition of organic acids and cell wall components. Further, ultrasound may have caused deactivation of enzymes that are involved in decomposition of organic acids to sugars (Sao-Jose et al. 2014 ). On contrary, US treatment for 60 min significantly increased TSS after day 1, which can be due to disruption of fruit cell structure and formation of microscopic channels that resulted in water loss (Fernandes et al. 2009 ).
US treatment significantly affected pH as well as acidity of the treated samples over 15 days of storage (Table 1) . Lowest pH was seen at 30 min of US treatment (3.26, 3.28, 3.28, 3.31, 3.34 , and 3.40 on day 1, 3, 6, 9, 12 and 15 Values are mean ± standard deviations of three (n = 3) measurements with different small and capital superscripts in a row and column vary significantly (p B 0.05), respectively. TSS (Total soluble solids), TA (Titrable acidity) respectively). Coinciding, with increase in pH a decrease in acidity was found (Table 1) . Results showed that 30 min ultrasound treatment was effective in maintaining pH and total acidity of cherries during storage period. The US treatment can delay the degradation of organic acids (Almenar et al. 2007; Holcroft and Kader 1999) and thus can maintain the acidity and pH of fruits during storage periods. Cherries with Lower pH and higher TA are preferred for industrial use and have better consumer acceptability. However, lower intensities of ultrasound and processing times had no significant effect on pH of fruits according to different authors (Ugarte-Romero et al. 2006; Tiwari et al. 2008 Tiwari et al. , 2009 Tiwari et al. , 2010 .
Color analysis
Color of some fruits is due to the presence of anthocyanins and it is considered an important quality attribute of the fresh produce, (Rodrigo et al. 2007 ). Color change was measured in terms of total color difference (TCD/DE) that increased significantly with increase in ultrasound treatment time on day 1 (Table 2 ). Increase in ultrasound treatment time of fruit affects the anthocyanin stability by increase in cavitations and formation of hydroxyl radicals in fruit and hence affected the color of the fruit (Tiwari et al. 2010 ). The total color difference (DE) values increased significantly with storage at all treatment times; however least increase was seen at treatment time of 20 min. Thus, 20-min treatment with ultrasound was effective to preserve the bright red color of cherries when compared with control and other treatments during a storage period of 15 days (Bermudez-Aguirre and BarbosaCanovas 2013). It is possible that ultrasound treatment for 20 min may have prevented degradation of anthocyanins and can be considered an effective treatment for color preservation of cherries during storage.
Antioxidant properties
Total Phenolic content, DPPH and ABTS
Ultrasound treatment resulted in an increase in the total phenolic content of the samples on Day 1 (Fig. 1) . As the US treatment time increased from 0 to 40 min, a significant increase (20.39-21.45 (mg GAE/g of sample) in TPC content was seen. Increase in total phenolic content of kasturi juice as result of sonication (25 kHz) has also been reported by Bhat et al. (2011) . An increase of 6-35 and 30 % in total phenolic content, due to ultrasound treatment in comparison to conventional processing of some fruits was also reported by Vilkhu et al. (2008) and Pingret et al. (2013) , respectively. The increase in total phenolic content may be due to the better extraction of polyphenols due to greater disruption of cell wall material. The hydroxylation of flavanols by ultrasound treatment has a positive effect on antioxidant activity to Soria and Villamiel (2010) . Golmohamadi et al. (2013) also reported an increase in total phenolic content in red raspberry by increasing ultrasound power (20-1000 kHz) that was attributed to increase in temperature that would have facilitated release of bioactive components into the extraction solvent (Table 3) . Total phenolic content increased in both untreated as well as treated samples (except 60 min.) with a storage time of 15 days at 4°C (Table 3 ). This increase was seen up to day 12 and after that total phenolic content decreased. However, when ultrasound treatment was provided to fruit for 60 min, the total phenolic content decreased, this may be due its longer exposure to ultrasonic waves which may Anti-oxidant activity of treated samples (by DPPH and ABTS) increased with increase in treatment time (Table 3 ). An abrupt increase was seen at 10 min treatment which was followed by a mild but significant increase with further increase in treatment time (Maximum value at 40 min).
Higher antioxidant values than control were also seen in raspberry up to 30 min of ultrasound treatment according to Golmohamadi et al. (2013) . Increased antioxidant activity can be associated with higher values of total phenolic content found in ultrasound treated samples. The greater retention of Vitamin C content by application of ultrasound on the fruit may have also improved its antioxidant activity. It has also been suggested that generation of hydroxyl radicals by hydroxylation of food components by ultrasound can also increase its antioxidant activity (Ashokkumar et al. 2008 ). However, a treatment time of 60 min showed detrimental effect on antioxidant activity which might be due to excessive damage to cell structure leading to greater chances of oxidation as well as degradation of polyphenolic compounds.
Firmness
Fruit firmness is attributed to the physical anatomy of tissue, cell size, shape, cell wall strength and intercellular adhesion (Toivonen and Brummell 2008) . Sonicated samples showed comparatively better retention of firmness than untreated samples over a storage period of 15 days, although the firmness of all samples decreased with increase in storage period as compared to day 1 (Table 4) . Values are mean ± standard deviations of three (n = 3) measurements with different small and capital superscripts in a row and a column vary significantly (p B 0.05) Values are mean ± standard deviations of three (n = 3) measurements with s small and capital superscripts in a row and a column vary significantly (p B 0.05) This may be due to inactivation of enzymes that are involved in breakdown of middle lamella and cell wall (Ketsa and Daengkanit 1999) . Jackline et al. (2014) reported that Ultrasound induced the disruption of hydrogen bonding and van der Waals interactions in polypeptide chains that alterered secondary and tertiary structure of the protein and the biological activities of enzymes were lost (Mason et al. 2005; Manas et al. 2006; Rawson et al. 2011) . Retention of fruit firmness increased with increase in treatment time with maximum retention found during 20-30 min of ultrasound treatment. This can be due to destructive effect of prolonged exposure of ultrasound on stability of cell wall, which results in cell injury and loss of water (Gabaldon-Leyva et al. 2007 ).
Microbial analysis
Ultrasound treatment significantly affected microbial load of fruits. The total plate count (TPC) of bacteria, yeast and mold growth of treated and untreated samples over a storage period of 15 days are shown in Table 5 . Increase in US treatment time decreased the microbial load significantly (P \ 0.05) from 4.60 ± 0.11 to 3.01 ± 0.02 for bacteria and 4.52 ± 0.01 to 3.04 ± 0.05 for yeast and mold on day 1. Birmpa et al. 2013 also found similar trend in case of lettuce and strawberries. Ultrasonic treatment of 20 kHz was found to enhance the inactivation of microorganisms due to the generation of hydroxyl radicals (Suslick 1989; Butz et al. 2002; Kadkhodaee and Povey 2008) . Another reason reported for inactivation/reduction of microbes by ultrasonication is cellular disruption. The shear forces generated during the movement of bubbles or sudden localized temperature and pressure changes caused by bubble collapse may be the responsible factor for cellular disruption (Ulusoy et al. 2007 ). Guerrero et al. (2005) also reported that ultrasound damages the cell wall and membrane functioning of moulds. After storage for 15 days at 4°C, the microbial load of all treated samples Values are mean ± standard deviations of three (n = 3) measurements with different small and capital superscripts in a row and a column vary significantly (p B 0.05) Values are mean ± standard deviations of three (n = 3) measurements with different small and capital superscripts in a row and column vary significantly (p B 0.05) varied significantly (P \ 0.05) but the lowest TPC (log CFU/ml) for bacteria (4.91 ± 0.02) and yeast and mold (4.58 ± 0.03) was observed at 40 min of US treatment time. Rivera et al. (2011) observed that ultrasound (35 kHz/10 min) promoted the elimination of 1 log CFUg -1 of microorganisms. Similarly, Pagan et al. (1999) demonstrated the potential of Ultrasound (20 kHz) to inactivate pathogenic microorganism such as L. monocytogenes. However, the prolonged exposure ([40 min) of samples to ultrasound did not help in extending the shelf life of the fruit as the results showed comparatively higher microbial load than samples with treatment time less than 40 min. This may be due to that ultrasound increases temperature at a localized level causing injuries to the fruit (Gabaldon-Leyva et al. 2009 ) that can permit easy penetration of microbes into the fruit and thereby increasing microbial load of the sample.
Conclusion
The ultrasound treatment on cherry was found to be effective in maintaining and improving the color, pH, TSS and firmness of the fruit over the storage period of 15 days. The treatment not only enhanced the nutraceutical value, by increasing the antioxidant activity, but also enhanced the safety of the food from microbes and extended the shelf life of the product. The most desirable results were obtained between 20 and 40 min (33 kHz) of treatment time. However, some detrimental effects on antioxidant activity, color, firmness and microbial load of the fruit were observed during its longer exposure time (60 min) to ultrasonic waves (33 kHz). This suggests that efficiency of ultrasound depends on time of exposure of the food to ultrasonic waves. The future work should be carried out to explore its application on other perishable food products.
